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OBJECTIVEdResearch has suggested that a higher risk of type 2 diabetes associated with
sleep characteristics exists. However, studies have not thoroughly assessed the potential con-
founding effects of mental health conditions associated with alterations in sleep.

RESEARCH DESIGN ANDMETHODSdWe prospectively assessed the association be-
tween sleep characteristics and self-reported incident diabetes among Millennium Cohort Study
participants prospectively followed over a 6-year time period. Surveys are administered approx-
imately every 3 years and collect self-reported data on demographics, height, weight, lifestyle,
features of military service, sleep, clinician-diagnosed diabetes, and mental health conditions
assessed by the PRIME-MD Patient Health Questionnaire and the PTSD Checklist–Civilian Ver-
sion. Statistical methods for longitudinal data were used for data analysis.

RESULTSdWe studied 47,093 participants (mean 34.9 years of age; mean BMI 26.0 kg/m2;
25.6% female). During 6 years of follow-up, 871 incident diabetes cases occurred (annual in-
cidence 3.6/1,000 person-years). In univariate analyses, incident diabetes was significantly more
likely among participants with self-reported trouble sleeping, sleep duration ,6 h, and sleep
apnea. Participants reporting incident diabetes were also significantly older, of nonwhite race, of
higher BMI, less likely to have been deployed, and more likely to have reported baseline symp-
toms of panic, anxiety, posttraumatic stress disorder, and depression. After adjusting for cova-
riates, trouble sleeping (odds ratio 1.21 [95%CI 1.03–1.42]) and sleep apnea (1.78 [1.39–2.28])
were significantly and independently related to incident diabetes.

CONCLUSIONSdTrouble sleeping and sleep apnea predict diabetes risk independent of
mental health conditions and other diabetes risk factors.

Diabetes Care 36:3154–3161, 2013

The incidence and prevalence of type 2
diabetes have risen dramatically in the
U.S. over the past 30 years (1). A de-

cline in sleepdurationhas been reportedover
this same time period. For example, full-time

workers in the U.S. were more likely to sleep
,6 h in 2006 compared with 1975 (2). Fur-
ther, short sleep duration#6 hwas reported
among 28.3% of U.S. adults in 2004–2007
(3). A recent meta-analysis of 10 studies that

comprised a total of 107,756 participants
concluded that several sleep characteristics
were associated with higher incidence of de-
veloping type 2 diabetes, including shorter
and longer duration and difficulty initiating
and maintaining sleep (4). Multiple path-
ways have been proposed as potential causal
mechanisms for an effect of poor sleep on
diabetes risk, including poor sleep as a
marker for obstructive sleep apnea, as an
activator of the hypothalamic-pituitary axis
with greater cortisol secretion, via effects on
body weight regulation through hormonal
alterations (e.g., leptin, ghrelin, insulin) that
may affect appetite regulation, and sleep-
mediated inflammatory changes (5–8).

Although it is well known that sleep
disorders often accompany mental health
conditions such as depression and post-
traumatic stress disorder (PTSD), little
research has been conducted to examine
whether these associated underlying
mental health conditions might explain
in part the observed associations between
sleep characteristics and type 2 diabetes
risk. Both depression and PTSD have
been reported to predict a higher risk of
type 2 diabetes (9,10), and both conditions
are also known to adversely affect sleep
quality. People with PTSD subjectively re-
ported insomnia and nightmares more fre-
quently and objectively demonstrated a
higher rate of sleep-disordered breathing
and periodic leg movements (11,12). De-
pression is associated withmultiple charac-
teristics of poor sleep, including insomnia
and short and long sleep duration (13).

Several potential mechanisms may ex-
plain the associations between sleep disor-
ders,mental health conditions, anddiabetes
risk. If a sleep disorder is simply a marker
for a mental health condition, then statisti-
cal adjustment for the mental health con-
dition ’s presence would remove and
thereby explain an observed association be-
tween sleep and diabetes risk. If sleep char-
acteristics, on the other hand, predispose to
diabetes butmental health disorders donot,
then adjustment for sleep characteristics
would remove the association between a
mental health disorder and diabetes risk.
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Table 1dBaseline demographic, military, and behavioral characteristics of Millennium Cohort participants by development
of diabetes at follow-up

Newly occurring diabetes absent Newly occurring diabetes present

n = 46,710* n = 871

P valueBaseline characteristics except where indicated n % n %

Trouble sleeping† 18,625 23.4 278 31.9 ,0.01
Sleep duration, h ,0.01
,5 2,767 3.5 53 6.1
5 8,886 11.2 119 13.7
6 26,084 32.7 289 33.2
7 23,669 29.7 208 23.9
8 14,326 18.0 154 17.7
.8 3,962 5.0 48 5.5

Sleep apnea present‡ 2,094 2.6 90 10.3 ,0.01
Female sex 20,175 25.3 214 24.6 0.61
Age, years (mean, SD) 36.6 9.2 42.6 10.0 ,0.01
BMI (mean, SD) 26.3 3.5 29.4 4.3 ,0.01
Race/ethnicity ,0.01
White, non-Hispanic 57,646 72.3 568 65.2
Black, non-Hispanic 8,608 10.8 148 17.0
Other 13,440 16.9 155 17.8

Educational level 0.01
Some college or less 52,293 65.6 607 69.7
Bachelor’s degree or higher 27,401 34.4 264 30.3

Combat deployment after baselinex ,0.01
No deployment 58,962 74.0 745 85.5
Deployed with combat 10,628 13.3 70 8.0
Deployed without combat 10,104 12.7 56 6.4
Separated from military after baseline 10,207 12.8 168 19.3 ,0.01

Service branch ,0.01
Army 37,631 47.2 431 49.5
Air Force 23,803 29.9 244 28.0
Navy and Coast Guard 14,955 18.8 180 20.7
Marine Corps 3,305 4.2 16 1.8

Service component ,0.01
Reserve/National Guard 38,534 48.4 477 54.80
Active duty 41,160 51.7 394 45.2

Pay grade ,0.01
Enlisted 56,094 70.4 689 79.1
Officer 23,600 29.6 182 20.9

Occupation ,0.01
Combat specialists 16,404 20.6 135 15.5
Health care 9,097 11.4 98 11.3
Admin/supply| 23,346 29.3 328 37.7
Other 30,847 38.7 310 35.6

Alcohol consumption{ ,0.01
No problems 42,358 53.2 551 63.3
Problem or binge drinking 37,336 46.9 320 36.7

Smoking status 0.23
Past/never smoker 67,502 84.7 725 83.2
Current smoker 12,129 15.3 146 16.8

Depression 2,103 2.6 44 5.1 ,0.01
Panic disorder 937 1.2 30 3.4 ,0.01
Other anxiety disorder 1,402 1.8 36 4.1 ,0.01
PTSD 2,916 3.7 73 8.4 ,0.01

Participants were followed every 3 years for a total of 3 or 6 years, depending on the number of follow-up surveys completed. Baseline characteristic refers to the
characteristics present at the start of each 3-year period, at the end of which the occurrence of diabetes was assessed. *Incident diabetes was assessed at each 3-year
period separately, with 13,621 participants followed for one 3-year period, and 33,472 participants followed for two 3-year periods. A total of 383 cases occurred
during years 0–3 and 488 cases during years 3–6 of follow-up. †Self-report of trouble sleeping over the past 4weeks. ‡Self-report of previous provider-diagnosed sleep
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We assessed the association between
sleep characteristics and diabetes risk in-
dependent of known diabetes risk factors,
mental health conditions, and military
service characteristics among Millennium
Cohort Study participants. This study is
unique in capturing characteristics of sev-
eral mental health conditions, including
depression and PTSD, in a large cohort of
people healthy enough to have served in
the U.S. military at the outset of the study.

RESEARCH DESIGN AND
METHODSdThe Millennium Cohort
is the largest prospective study using
primary data collection ever undertaken
by the Department of Defense (DoD). The
study began in 2001 with the objective to
collect and evaluate data on health, be-
havioral risk factors, and occupational
characteristics related to military service
that may be associated with adverse
health outcomes (14). Participants are
surveyed at enrollment and approxi-
mately every 3 years thereafter. This re-
port includes participants from the first
enrollment cycle that spanned 2001–
2003 and comprised 77,047 participants
(36% of those able to be contacted). Ap-
proximately 71% of those participants en-
rolled at baseline responded to follow-up
surveys conducted in 2004 and 2007. The
surveys were administered via paper and
the Internet and included questions on
self-reported provider-diagnosed medical
conditions, mental health symptoms,
physical and functional status, alcohol
and tobacco use, occupational status, mil-
itary exposures, sleep patterns, and de-
mographic information. Details on
Millennium Cohort methodology can be
found elsewhere (14–16). This study was
approved by the Naval Health Research
Center institutional review board, and in-
formed consent was obtained from all
study participants. This research has
been conducted in compliance with all
applicable federal regulations governing
the protection of human subjects in re-
search (Protocol NHRC.2000.0007).

Study population and data sources
Of the 77,047 participants enrolled at
baseline, follow-up surveys were com-
pleted by 55,021 participants at year 3

and 54,790 at year 6. Since incident di-
abetes was the outcome of interest, eligible
participants included those who were
followed until either the outcome was re-
ported to have occurred at year 3 or 6, or
until their last completed follow-up if the
outcome was not reported. Exclusions
included participants reporting provider-
diagnosed diabetes at baseline, missing
outcome or exposure data, or if DoD out-
patient or inpatient medical encounter data
contained codes for type 1 diabetes (n = 72)
(ICD-9 codes 250.x1 and 250.x3). After
application of these exclusions, 47,093par-
ticipants remained.

The primary data sources were the self-
administered Millennium Cohort surveys
and DoD electronic personnel files, man-
aged by the Defense Manpower Data Cen-
ter (DMDC, Seaside, CA). Survey data
included behavioral, demographic, mili-
tary, and health data. For these analyses,
electronic records from DMDC provided
information on age, sex, race/ethnicity,
education, pay grade, service branch, ser-
vice component, military occupation, dates
of separation, and deployment dates.
DMDC information was supplemented
with self-reported data to reduce missing
values when necessary. All other data for
the analyses were from the Millennium
Cohort surveys.

Three sleep variables were included
in the analyses: 1) trouble sleeping, 2)
sleep duration, and 3) sleep apnea. Trou-
ble sleeping was assessed using the sleep
items on the PRIME-MD Patient Health
Questionnaire (PHQ) and the PTSD
Checklist–Civilian Version (PCL-C) (17–
20). The PHQ asks, “Over the last 4
weeks, how often have you experienced
trouble falling asleep or staying asleep?”
The PCL-C asks, “In the past month, have
you had trouble falling asleep or staying
asleep?” Participants with trouble sleep-
ing were defined as those who responded
“moderately” or above on the PCL-C sleep
item or “several days” or longer on the
PHQ sleep item. Sleep duration was re-
ported as whole number of hours slept
in an average 24-h period over the past
month. Participants with sleep apnea
were identified by self-report as being
told by a doctor or other health profes-
sional they had sleep apnea.

Several standardized instruments
were used to identify people screening
positive for mental health disorders.
PTSD was assessed using the PCL-C
(17), a 17-item self-report screening tool
for PTSD symptoms during the past 30
days on a 5-point Likert scale, ranging
from 1 (not at all) to 5 (extremely). A pos-
itive screen for PTSD at baseline was de-
fined as a report of a moderate or higher
level of at least one intrusion symptom,
three avoidance symptoms, and two hy-
perarousal symptoms (criteria established
by DSM-IV) (21). Major depressive disor-
der was assessed using nine items from
the PHQ (sensitivity = 0.93; specificity =
0.89) corresponding to the depression di-
agnosis based on the DSM-IV (19). A pos-
itive screen for depression at baseline was
defined as 1) endorsement of depressed
mood or anhedonia and 2) response of
“more than half the days” or “nearly every
day” to at least five items. Other anxiety (6
items) and panic (15 items) symptoms
were also assessed with the PHQ.

An aggregate variable capturing either
problem or binge drinking was created as
follows. Problem drinking was defined
using items from the PHQ on risky behav-
iors related to alcohol use, such as driving
under the influence more than one time
over the past year, where endorsement of at
least one item indicated problem drinking.
Binge drinking was defined as consuming
five or more drinks (men) or four or more
drinks (women) in 1 day during the past
year. Smokers were identified as those ever
smoking 100 cigarettes in their lifetime,
with those persisting in this habit defined
as current smokers and those having quit as
past smokers.

In longitudinalmodels, service branch,
service component, pay grade, military
occupation, birth year, race/ethnicity, and
education were assessed at baseline. Smok-
ing status, alcohol use, BMI, combat de-
ployment, PTSD, depression, anxiety,
panic, and all sleep variables were assessed
at all available time points.

Outcome
The outcome of interest was incident di-
agnosed diabetes self-reported on a follow-
up survey among people without diabetes
at the baseline assessment. At baseline,

apnea. xCombat exposures were defined as having personally during deployment 1) witnessed a death due to war, disaster, or tragic event; 2) witnessed instances of
physical abuse; 3) been exposed to dead or decomposing bodies; 4) been exposed to maimed soldiers or civilians; or 5) been exposed to prisoners of war or refugees;
and were evaluated at the survey after deployment as having occurred during the same time period as deployment. |Includes functional support and administration
occupation plus service and supply handlers. {Problem drinking was assessed using the PHQ, and binge drinking was defined as consuming five or more drinks for
men or four or more drinks for women on at least 1 day in the past year.
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participants reported if they had ever been
told by a doctor or health professional that
they had diabetes or “sugar diabetes.” At
follow-up assessments, participants re-
sponded to the same question in regard
to the previous 3 years.

Statistical analyses
Univariate analyses assessed associations
of incident diabetes with sleep, military,
demographic, behavioral, and mental
health characteristics while accounting for
multiple periods of observationper subject.
Since repeated measurements were avail-
able with up to two follow-up assessments
per person, generalized estimating equa-
tions (GEEs) were used to account for these
multiple assessments while adjusting for
fixed and time-varying covariates, to esti-
mate adjusted odds of reporting incident
diabetes (22). Incident diabetes was deter-
mined at each follow-up assessment, and
all covariates were evaluated using data
from the previous assessment (22).

In all multivariable models, adjust-
ments were performed for known type 2
diabetes risk factors captured in the study:
age, sex, education, BMI, and race/ethnic-
ity. The final adjusted models were built
using a stepwise backward reduction algo-
rithm that retained all significant variables
(P, 0.10) (Table 1) while always keeping
age, sex, race/ethnicity, education, and BMI
in the model. Additionally, mental health
variables were added to the final models to
determine if this altered the relationship
between sleep and diabetes. First-order in-
teraction terms between retained sleep var-
iables and age, sex, and BMI were tested to
determine whether the exposure-outcome
associations varied by these characteristics.
Possible presence of multicollinearity in
multivariable models was considered if
the variance inflation factor exceeded 4.
Best-fitting GEE models were judged using
the Quasilikelihood Information Criterion,
the measure developed for GEE models
analogous to the Akaike Information Crite-
rion. Statistical analyses were performed
using SAS statistical software, version 9.3
(SAS Institute, Inc., Cary, NC).

RESULTSdA total of 47,093 partici-
pants were included in this analysis and
followed for up to 6 years. Incident di-
abetes was assessed at each 3-year period
separately, with 13,621 participants fol-
lowed for one 3-year period, and 33,472
participants followed for two 3-year peri-
ods. A total of 383 cases occurred during
years 0–3 and 488 cases occurred during
years 3–6 of follow-up. The 488 cases that

Table 2dRelative odds of incident self-reported diabetes by each baseline characteristic of interest

Characteristics OR 95% CI

Main exposures of interest
Trouble sleeping*
No 1.00
Yes 1.45 1.25–1.68

Sleep duration, h
,5 2.04 1.49–2.81
5 1.46 1.15–1.84
6 1.19 0.99–1.43
7 1.00
8 1.17 0.95–1.45
.8 1.30 0.93–1.81

Sleep apnea†
No 1.00
Yes 2.11 1.66–2.68

Covariates
Combat deployment‡
No deployment 1.00
Deployed with combat 0.77 0.60–0.98
Deployed without combat 0.59 0.44–0.77

Service branch
Army 1.00
Air Force 0.94 0.80–1.11
Navy and Coast Guard 1.12 0.93–1.34
Marine Corps 0.73 0.44–1.21

Service component
Reserve/National Guard 1.00
Active duty 1.13 0.97–1.31

Pay grade
Enlisted 1.00
Officer 0.59 0.47–0.74

Occupation
Combat specialists 1.00
Health care 1.15 0.86–1.53
Admin/supplyx 1.36 1.10–1.69
Other 1.09 0.88–1.35

Separated
No 1.00
Yes 1.55 1.31–1.84

Alcohol consumption{
No problems 1.00
Binge or problem drinking 0.86 0.74–0.99

Smoking status
Past/never smoker 1.00
Current smoker 1.37 1.14–1.65

Depression
No 1.00
Yes 1.53 1.11–2.12

Panic disorder
No 1.00
Yes 2.38 1.62–3.50

Other anxiety disorder
No 1.00
Yes 1.98 1.40–2.82

PTSD
No 1.00
Yes 1.97 1.53–2.55

Continued on p. 3158
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did not occur until years 3–6 are also
present in the first column of Table 1 as
not having diabetes from year 0–3. At
baseline, participants overall were on aver-
age young (34.9 years of age, SD 9.0 years),
slightly overweight (BMI 26.0 kg/m2, SD
3.3), 25.6% female, and more likely than
not to be white, non-Hispanic race, less
than college educated, Army service
branch, and on active duty (Table 1). Over-
all, 871 participants newly self-reported
diabetes, for a cumulative annual incidence
of 3.6/1,000 person-years. Participants
who newly self-reported diabetes during
follow-up were significantly more likely at
baseline to have reported trouble sleeping,
sleep duration #5 h, and sleep apnea
(Table 1). Sleep duration .8 h was re-
portedby similar proportions of participants
with and without newly self-reported dia-
betes. Participants with new-onset diabetes
were on average older, had a higher BMI,
and were more likely of nonwhite race.
Characteristics associated with new-
onset diabetes included no deployment,
having separated from the military since
baseline, Army or Navy/Coast Guard ser-
vice branch, Reserves/National Guard ser-
vice component, enlisted pay grade, and
administration/supply occupation. Binge
or problem drinking was less likely to
have been reported in people reporting
new-onset diabetes, and current and former
smoking frequency was similar in groups
with and without new-onset diabetes. All
mental health symptoms occurred signifi-
cantly more frequently among those who
newly reported diabetes during follow-up.

Factors associated with a higher odds
of incident diabetes in models adjusted
for sex and known type 2 diabetes risk
factors (age, BMI, education, and race/eth-
nicity) included trouble sleeping, sleep du-
ration #5 h compared with 7 h, and sleep
apnea (Table 2). Several military service
characteristics remained significantly related
to the outcome, including no deployment,
enlisted pay grade, administration/supply
occupation, and having separated from the
military since baseline (Table 2). Binge or
problem drinking remained significantly
associated, and current smoking emerged
as a risk factor for new-onset diabetes af-
ter adjustment. Screening positive for

depression, panic, other anxiety disorder,
and PTSD were all significantly associated
with higher odds of new-onset diabetes in
these adjusted models (Table 2).

In the multivariable model (Table 3),
sleep characteristics remained signifi-
cantly and independently associated
with higher diabetes odds. The sleep var-
iables that entered the final model in-
cluded reported trouble sleeping and
sleep apnea, which were associated with
significant increases in the odds of diabetes
of 1.21 to 1.78, respectively. These associ-
ations were not only independent of each
other but also the other covariates adjusted
for in the model (Table 3). Military service
characteristics significantly associated with
diabetes odds included deployment with-
out combat experience, administration or
supply occupations, pay grade, and having
separated from the military since baseline.
A positive screen for PTSDwas significantly
associated with higher diabetes odds, inde-
pendent of sleep characteristics and other
covariates in the model, and panic disorder
was of borderline significance. Tests for in-
teractions between the sleep variables in-
cluded in the models in Table 3 and age,
sex, and BMI were all nonsignificant (P .
0.10). No variable had a variance inflation
factor .4, indicating that collinearity was
unlikely. The model in Table 3 was rerun
with sleep duration substituted for trouble
sleeping but with the other included co-
variates unchanged. The Quasilikelihood
Information Criterion for the model con-
taining trouble sleeping was slightly lower
(8,640.9) thanwhen sleep durationwas in-
cluded in the model (8,646.3). The sleep
duration variable was insignificant overall
in this model (P = 0.1585), although two
sleep categorieswere significantly related to
diabetes odds (,5-h odds ratio [OR] 1.52
[95% CI 1.09–2.14]; 5-h OR 1.28 [1.01–
1.62]). Several additional modifications of
the multivariable model shown in Table 3
were conducted. In the first modification,
symptoms of depression and anxiety disor-
der were included in the model to assess
whether adjustment for these additional
factors altered the association between
sleep and diabetes odds. In the second
modification, all subjects reporting sleep
apnea were removed from the model

shown in Table 3. In each of these modifi-
cations, the statistical significance of the as-
sociations between the sleep variables and
diabetes odds remained unchanged, and
the associations were of similar magnitude
to those seen in Table 3 (data not shown).

CONCLUSIONSdOur study findings
confirm that sleep characteristics are
associated with subsequent new-onset
self-reported diabetes. These associations
persisted after adjustment for multiple
mental health conditions known to affect
sleep duration and quality, including PTSD
anddepression (11–13). Therefore, it is un-
likely that sleep simply serves as a surrogate
marker for associated mental health condi-
tions previously shown to predict higher
diabetes risk (9,10). Additionally, partici-
pants reporting provider-diagnosed sleep
apnea were at higher risk of developing
self-reported diabetes during follow-up.Al-
though sleep apnea is associated with
higher BMI and both altered sleep quality
and quantity, adjustment for these varia-
bles did not alter the significance of the
higher diabetes risk associated with this
condition (23). Overall, these results sug-
gest that the associations between type 2
diabetes risk and mental health conditions
and sleep characteristics, if causal, may in-
volve different pathways.

Whereas trouble sleeping and shorter
sleep duration were associated with higher
risk of diabetes in a model adjusted for
known diabetes risk factors, longer sleep
duration was not, in contrast to findings
that others have reported (4). The reason
for this discrepancy is unclear, but it may
be due to the relatively younger age of our
cohort compared with investigations re-
porting higher diabetes risk with longer
sleep duration (24,25).

The independent role of mental
health conditions associated with poor
quality and quantity of sleep in predicting
risk of diabetes has only been addressed
in a limited manner in previous research.
The Nurses’ Health Study investigators
examined sleep as a predictor of incident
diabetes in this cohort from 1986–1996
and adjusted for an assessment of depres-
sion based on The Short Form 36 Health
Survey that was obtained in 1992,

Table 2 legend (see Table 2, p. 3157): All models adjusted for age, sex, race/ethnicity, education, and BMI in longitudinal multivariable models. *Self-report of trouble
sleeping over the past 4 weeks. †Self-report of previous provider-diagnosed sleep apnea. ‡Combat exposures were defined as having personally during deployment 1)
witnessed a death due to war, disaster, or tragic event; 2) witnessed instances of physical abuse; 3) been exposed to dead or decomposing bodies; 4) been exposed to
maimed soldiers or civilians; or 5) been exposed to prisoners of war or refugees; and were evaluated at the survey after deployment as having occurred during the same
time period as deployment. xIncludes functional support and administration occupation plus service and supply handlers. {Problem drinking was assessed using the
PHQ, and binge drinking was defined as consuming five or more drinks for men or four or more drinks for women on at least 1 day in the past year.
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approximatelymidway through the follow-
up period (24). Thus, it is unclear
whether depression preceded or followed
diabetes onset during the first 6 years of
follow-up. An analysis using the National
Health and Nutrition Examination Sur-
vey I Epidemiologic Follow-Up Study ad-
justed for depression while examining
the association between sleep and diabe-
tes incidence, although no association
was seen between depression and diabe-
tes incidence in this cohort (25). Lastly, a
prospective study of Swedish men as-
sessed the presence of depression with a
simple yes/no question, “Do you feel de-
pressed?” and did not provide informa-
tion on the accuracy of this question in
capturing this condition (26). To our
knowledge, our study is the first to

consider mental health conditions other
than depression as potential confounding
factors and to measure their occurrence
prior to the onset of diabetes.

Previous prospective research on
sleep characteristics and type 2 diabetes
risk has not considered whether sleep
duration or quality is related to this out-
come independent from sleep apnea, a
known cause of sleep disturbance. In our
fully adjusted analysis, both sleep apnea
and trouble sleeping had independent
associations with diabetes risk, suggesting
that the associations between sleep char-
acteristics and diabetes risk do not merely
serve as markers for the presence of sleep-
disordered breathing. In addition to the
known higher risk of obesity associated
with sleep apnea, other factors associated

with sleep-disordered breathing may be
involved inhigher diabetes risk and include
abnormal sympathetic activity and release
of proinflammatory mediators such as
tumor necrosis factor-a and interleukin-6
(27). In support of the latter, we observed
an independent association between sleep
apnea and diabetes risk after adjustment
for BMI. This suggests thatmanifestations
of sleep apnea other than the impact of
greater general adiposity may be associ-
ated with diabetes risk, although it is pos-
sible that incomplete adjustment due to
residual confounding occurred due to the
inaccuracy of BMI in characterizing body
composition.

The association between trouble
sleeping or shorter sleep duration and
diabetes risk independent of associated
weight gain and sleep apnea is not well
understood, but it may be related to both
changes in insulin sensitivity, secretion,
and glucose effectiveness. One investigation
reported significant or borderline-significant
reductions in insulin sensitivity, insulin
secretion, glucose effectiveness, and the
disposition index immediately after a 5-day
period of sleep deprivation (4 h of sleep per
night) among 11 healthy lean males in a
controlled setting (28). All these changes
have been associated with higher risk of
the development of type 2 diabetes (29).
Whether these changes persist with chronic
deprivation is unknown.

Several characteristics of military ser-
vice were significantly associated with
lower diabetes risk in multivariable mod-
els, including deployment, officer pay
grade, and remaining in military service.
For most comparisons, military deploy-
ment with or without combat exposure
was related to a lower risk for diabetes,
possibly reflecting selection of people
medically fit for deployment who are at
lower risk for diabetes. The mental health
conditions independently associated with
diabetes risk included those characterized
by excessive stress, including PTSD and
panic disorder. A review of the literature
on stress and diabetes risk concluded that
both general emotional and job stress were
repeatedly associated with a higher risk of
developing diabetes in adults (30). Overac-
tivation of the hypothalamic-pituitary axis
and abnormal stimulation of the sympa-
thetic nervous system are thought to ac-
company excessive levels of stress, with
accumulation of visceral fat and promotion
of an inflammatory state with greater insu-
lin resistance (31). A previous analysis of
the members of this cohort recruited in
2001 and followed for 3 years similarly

Table 3dLongitudinal multivariable regression model of sleep characteristics and
mental health symptoms as risk factors for incident self-reported diabetes in the
Millennium Cohort

Characteristics* OR 95% CI

Trouble sleeping†
No 1.00
Yes 1.21 1.03–1.42

Sleep apnea‡
No 1.00
Yes 1.78 1.39–2.28

Combat deploymentx
No deployment 1.00
Deployed with combat 0.86 0.65–1.09
Deployed without combat 0.67 0.50–0.88

Occupation
Combat specialists 1.00
Health care 1.14 0.86–1.51
Admin/supply{ 1.27 1.02–1.58
Other 1.01 0.82–1.26

Pay grade
Enlisted 1.00
Officer 0.64 0.50–0.80

Separated
No 1.00
Yes 1.43 1.20–1.70

Panic disorder
No 1.00
Yes 1.46 0.94–2.26

PTSD
No 1.00
Yes 1.38 1.02–1.87

*Final model determined using backward stepwise regression that retained all variables with P, 0.1 as well
as known diabetes risk factors, such that the final model included trouble sleeping, sleep apnea, combat
deployment, occupation, pay grade, military separation, sex, race/ethnicity, education, BMI, age, alcohol
consumption, smoking status, panic disorder, and PTSD. †Self-report of trouble falling asleep or staying
asleep over the past 4 weeks. ‡Self-report of previous provider-diagnosed sleep apnea. xCombat exposures
were defined as having personally during deployment 1) witnessed a death due to war, disaster, or tragic
event; 2) witnessed instances of physical abuse; 3) been exposed to dead or decomposing bodies; 4) been
exposed to maimed soldiers or civilians; or 5) been exposed to prisoners of war or refugees; and were
evaluated at the survey after deployment as having occurred during the same time period as deployment.
{Includes functional support and administrative occupation plus service and supply handlers.
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demonstrated a higher diabetes risk associ-
ated with PTSD symptoms.

Several limitations to this study should
be noted. First, type 2 diabetes was de-
termined using self-reported data, and it
was not confirmed by medical record re-
view. However, because self-reported di-
abetes compared with physician diagnosis
or medical record data have been shown to
have a high sensitivity (70–99%; median
81%) and specificity (92–99%), there is
less likelihood for misclassification (32).
Also, it is possible that individuals self-
reporting type 1 diabetes were included
in this analysis. However, individuals
with a type 1 diabetes diagnosis in their
DoD medical records were excluded, al-
though this elimination process would
miss those participants no longer receiving
care from military treatment facilities after
discharge or as Reservists. In addition, pos-
itive screens for mental disorders were de-
termined from self-report. Also, we were
unable to adjust for diet or family history,
which are known risk factors for diabetes.
We expect these findings to generalize to
younger populations who are sufficiently
healthy to enter into the U.S. Armed
Forces, but it is unclear whether the results
would apply to dissimilar populations.

Self-report of clinician-diagnosed sleep
apnea was obtained, and the sensitivity and
specificity of this report compared with the
medical record are not known. Medical
encounter data were not used to confirm
diagnoses of diabetes or sleep apnea in this
cohort due to the potential for some of its
members, particularly those in the Reserves
or National Guard, to have received care in
non-DoD facilities. Inaccurate classifica-
tion of sleep apnea and other covariates
potentially may have limited our ability
to adjust for confounding. Finally, self-
reported sleep data were assessed during
the prior 4 weeks, and sleep duration was
rounded to the nearest whole hour, poten-
tially biasing the estimate of actual sleep
time (33–35).

This is the first study, to our knowl-
edge, to examine baseline sleep character-
istics in relation to incident diabetes while
adjusting for several mental health con-
ditions known to impair sleep and be as-
sociatedwith type 2 diabetes. Furthermore,
this research was conducted in a large
population-based study of active duty and
Reserve/National Guard U.S. military per-
sonnel from all service branches. Addi-
tional strengths include the large sample
size and up to 6-year duration of follow-up.
Moreover, no association was found be-
tween reporting type 2 diabetes at baseline

and nonresponse to the first follow-up
questionnaire among the first panel of
enrollees, suggesting that the development
of diabetes was unlikely to have influenced
the probability of responding to the follow-
up survey (36). Finally, previous evalua-
tions of possible biases suggest the Cohort
is reasonably representative of military per-
sonnel in terms of baseline demographic
and mental health characteristics, that par-
ticipants report health and exposure data
reliably, and that enrollment in the study is
not influenced by health status (14,37–40).

We conclude that trouble sleeping
and sleep apnea predict higher diabetes
risk, independent of multiple diabetes
risk factors and several mental health
conditions. Of note, self-reported sleep
apnea was also associated with a signif-
icantly higher risk for diabetes even after
adjustment for other sleep characteris-
tics, BMI, and mental health conditions.
Substitution of sleep duration for trou-
ble sleeping in multivariable modeling
yielded nearly identical results, with
significantly higher risk seen with ,6 h
of sleep. Confirmation of these findings
through further analyses may advance
our understanding of diabetes patho-
physiology and create new opportuni-
ties for prevention.

AcknowledgmentsdThis study represents
report 12-59, supported by the DoD, under
work unit no. 60002. The Millennium Cohort
Study is funded through the Military Opera-
tional Medicine Research Program of the U.S.
Army Medical Research and Materiel Com-
mand (Fort Detrick, MD). The Department of
Veterans Affairs Puget Sound supported
E.J.B.’s involvement in this research.
No potential conflicts of interest relevant to

this article were reported.
E.J.B., A.D.S., and I.G.J. wrote the manu-

script and researched the data. T.I.H., B.S.,
T.C.S., and N.F.C.-C. reviewed and edited the
manuscript and contributed to the discussion.
E.J.B. is the guarantor of this work and, as
such, had full access to all the data in the study
and takes responsibility for the integrity of the
data and the accuracy of the data analysis.
An abstract reporting these results was

submitted and accepted for oral presentation
at the 2011 World Diabetes Congress, Dubai,
United Arab Emirates, 4–8 December 2011.
The authors are indebted to the Millennium

Cohort Study participants, without whom
these analyses would not be possible. In ad-
dition to the authors, the Millennium Cohort
Study Team includes Melissa Bagnell, Nisara
Granado, Jaime Horton, Andrea Ippolito, Kelly
Jones, LaurenKipp,CynthiaLeardMann,William
Lee, Gordon Lynch, Amanda Pietrucha, Teresa
Powell, Beverly Sheppard, Katherine Snell,

StevenSpeigle, Kari Sausedo, JenniferWalstrom,
Lawrence Wang, John Wesner, Martin White,
James Whitmer, and Charlene Wong (all from
the Deployment Health Research Department,
Naval Health Research Center, San Diego, CA);
Paul Amoroso (MultiCare Health System Re-
search Institute, Tacoma, WA); Gregory Gray
(College of Public Health andHealth Professions,
University of Florida, Gainesville, FL); James
Riddle, Colonel (Retired) (U.S. Air Force, Bio-
medical Science Corps); Margaret Ryan (Naval
Hospital Camp Pendleton, Camp Pendleton,
CA); and Timothy Wells, Colonel (Retired)
(U.S. Air Force, Biomedical Science Corps). The
authors also thank Scott L. Seggerman (Man-
agement Information Division, DMDC, Sea-
side, CA), Michelle LeWark (Naval Health
Research Center), and all the professionals from
the U.S. Army Medical Research and Materiel
Command, especially those from the Military
Operational Medicine Research Program.

References
1. Fox CS, Pencina MJ, Meigs JB, Vasan RS,

Levitzky YS, D’Agostino RB, Sr. Trends in the
incidence of type 2 diabetesmellitus from the
1970s to the 1990s: the Framingham Heart
Study. Circulation 2006;113:2914–2918

2. Knutson KL, Van Cauter E, Rathouz PJ,
DeLeire T, Lauderdale DS. Trends in the
prevalence of short sleepers in the USA:
1975-2006. Sleep 2010;33:37–45

3. Krueger PM, Friedman EM. Sleep dura-
tion in the United States: a cross-sectional
population-based study. Am J Epidemiol
2009;169:1052–1063

4. Cappuccio FP, D’Elia L, Strazzullo P,
Miller MA. Quantity and quality of sleep
and incidence of type 2 diabetes: a system-
atic review andmeta-analysis. Diabetes Care
2010;33:414–420

5. Chaput JP, Després JP, Bouchard C,
Tremblay A. Short sleep duration is asso-
ciated with reduced leptin levels and in-
creased adiposity: results from theQuebec
family study. Obesity (Silver Spring) 2007;
15:253–261

6. Spiegel K, Tasali E, Penev P, Van Cauter E.
Brief communication: sleep curtailment in
healthy young men is associated with de-
creased leptin levels, elevated ghrelin levels,
and increased hunger and appetite. Ann
Intern Med 2004;141:846–850

7. Van Cauter E, Spiegel K, Tasali E, Leproult
R. Metabolic consequences of sleep and
sleep loss. Sleep Med 2008;9(Suppl. 1):
S23–S28

8. Barone MT, Menna-Barreto L. Diabetes
and sleep: a complex cause-and-effect re-
lationship. Diabetes Res Clin Pract 2011;
91:129–137

9. Boyko EJ, Jacobson IG, Smith B, et al.;
Millennium Cohort Study Team. Risk of
diabetes in U.S. military service members
in relation to combat deployment and
mental health. Diabetes Care 2010;33:
1771–1777

3160 DIABETES CARE, VOLUME 36, OCTOBER 2013 care.diabetesjournals.org

Sleep and diabetes risk, the Millennium Cohort



10. Golden SH, Lee HB, Schreiner PJ, et al.
Depression and type 2 diabetes mellitus:
the multiethnic study of atherosclerosis.
Psychosom Med 2007;69:529–536

11. Singareddy RK, Balon R. Sleep in post-
traumatic stress disorder. Ann Clin Psy-
chiatry 2002;14:183–190

12. Maher MJ, Rego SA, Asnis GM. Sleep dis-
turbances in patients with post-traumatic
stress disorder: epidemiology, impact and
approaches to management. CNS Drugs
2006;20:567–590

13. van Mill JG, Hoogendijk WJ, Vogelzangs
N, van Dyck R, Penninx BW. Insomnia
and sleep duration in a large cohort of pa-
tients with major depressive disorder and
anxiety disorders. J Clin Psychiatry 2010;
71:239–246

14. Ryan MA, Smith TC, Smith B, et al. Mil-
lennium Cohort: enrollment begins a
21-year contribution to understanding the
impact of military service. J Clin Epidemiol
2007;60:181–191

15. Jacobson IG, Ryan MA, Hooper TI, et al.
Alcohol use and alcohol-related problems
before and after military combat de-
ployment. JAMA 2008;300:663–675

16. Smith TC, Jacobson IG, Hooper TI, et al.;
Millennium Cohort Study Team. Health
impact of US military service in a large
population-based military cohort: findings
of the Millennium Cohort Study, 2001-
2008. BMC Public Health 2011;11:69

17. Bliese PD,Wright KM,AdlerAB, CabreraO,
Castro CA, Hoge CW. Validating the
primary care posttraumatic stress disor-
der screen and the posttraumatic stress
disorder checklist with soldiers return-
ing from combat. J Consult Clin Psychol
2008;76:272–281

18. Fann JR, Bombardier CH, Dikmen S, et al.
Validity of the Patient HealthQuestionnaire-
9 in assessing depression following trau-
matic brain injury. J Head Trauma Rehabil
2005;20:501–511

19. Kroenke K, Spitzer RL, Williams JB. The
PHQ-9: validity of a brief depression se-
verity measure. J Gen Intern Med 2001;
16:606–613

20. Spitzer RL, Kroenke K, Williams JB. Val-
idation and utility of a self-report version
of PRIME-MD: the PHQ primary care
study. Primary Care Evaluation of Mental
Disorders. Patient Health Questionnaire.
JAMA 1999;282:1737–1744

21. Diagnostic and Statistical Manual of Mental
Disorders. Washington, DC, American
Psychiatric Association, 1994

22. Zeger SL, Liang KY. Longitudinal data
analysis for discrete and continuous out-
comes. Biometrics 1986;42:121–130

23. Pillar G, Shehadeh N. Abdominal fat and
sleep apnea: the chicken or the egg? Di-
abetes Care 2008;31(Suppl. 2):S303–S309

24. Ayas NT,White DP, Al-DelaimyWK, et al.
A prospective study of self-reported sleep
duration and incident diabetes in women.
Diabetes Care 2003;26:380–384

25. Gangwisch JE, Heymsfield SB, Boden-
Albala B, et al. Sleep duration as a risk
factor for diabetes incidence in a large U.S.
sample. Sleep 2007;30:1667–1673

26. Mallon L, Broman JE, Hetta J. High inci-
dence of diabetes in men with sleep com-
plaints or short sleep duration: a 12-year
follow-up study of a middle-aged pop-
ulation.Diabetes Care 2005;28:2762–2767

27. Zizi F, Jean-Louis G, Brown CD, Ogedegbe
G, Boutin-Foster C, McFarlane SI. Sleep
duration and the risk of diabetes mellitus:
epidemiologic evidence and pathophysi-
ologic insights. Curr Diab Rep 2010;10:
43–47

28. Leproult R, Van Cauter E. Role of sleep
and sleep loss in hormonal release and
metabolism. Endocr Dev 2010;17:11–21

29. Lorenzo C, Wagenknecht LE, Rewers MJ,
et al. Disposition index, glucose effective-
ness, and conversion to type 2 diabetes: the
Insulin Resistance Atherosclerosis Study
(IRAS). Diabetes Care 2010;33:2098–2103

30. Pouwer F, Kupper N, AdriaanseMC. Does
emotional stress cause type 2 diabetes
mellitus? A review from the European
Depression in Diabetes (EDID) Research
Consortium. Discov Med 2010;9:112–118

31. Black PH. The inflammatory consequences
of psychologic stress: relationship to insulin

resistance, obesity, atherosclerosis and di-
abetes mellitus, type II. Med Hypotheses
2006;67:879–891

32. Saydah SH, Geiss LS, Tierney E, Benjamin
SM, EngelgauM, Brancati F. Review of the
performance of methods to identify di-
abetes cases among vital statistics, admin-
istrative, and survey data. Ann Epidemiol
2004;14:507–516

33. Lauderdale DS, Knutson KL, Yan LL, Liu
K, Rathouz PJ. Self-reported and mea-
sured sleep duration: how similar are
they? Epidemiology 2008;19:838–845

34. Kronholm E,HärmäM,Hublin C, Aro AR,
Partonen T. Self-reported sleep duration
in Finnish general population. J Sleep Res
2006;15:276–290

35. Steptoe A, Peacey V, Wardle J. Sleep du-
ration and health in young adults. Arch
Intern Med 2006;166:1689–1692

36. Littman AJ, Boyko EJ, Jacobson IG, et al.;
Millennium Cohort Study. Assessing
nonresponse bias at follow-up in a large
prospective cohort of relatively young
and mobile military service members.
BMC Med Res Methodol 2010;10:99

37. Smith B, Smith TC, Gray GC, Ryan MA;
Millennium Cohort Study Team. When ep-
idemiology meets the Internet: Web-based
surveys in theMillenniumCohort Study. Am
J Epidemiol 2007;166:1345–1354

38. Smith TC, Smith B, Jacobson IG, Corbeil
TE, Ryan MA; Millennium Cohort Study
Team. Reliability of standard health as-
sessment instruments in a large, pop-
ulation-based cohort study. Ann Epidemiol
2007;17:525–532

39. Smith B, Wingard DL, Ryan MA, Macera
CA, Patterson TL, Slymen DJUS. U.S. mil-
itary deployment during 2001-2006: com-
parison of subjective and objective data
sources in a large prospective health study.
Ann Epidemiol 2007;17:976–982

40. Wells TS, Jacobson IG, Smith TC, et al.;
Millennium Cohort Study Team. Prior
health care utilization as a potential deter-
minant of enrollment in a 21-year prospec-
tive study, the Millennium Cohort Study.
Eur J Epidemiol 2008;23:79–87

care.diabetesjournals.org DIABETES CARE, VOLUME 36, OCTOBER 2013 3161

Boyko and Associates



REPORT DOCUMENTATION PAGE 
 

 

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing the burden, to Washington Headquarters Services, Directorate for Information Operations and 
Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, Respondents should be aware that notwithstanding any other provision of law, no person shall 
be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB Control number. PLEASE DO NOT RETURN YOUR 
FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD MM YY) 

Jan 2013 
2. REPORT TYPE 

Journal submission 
3. DATES COVERED (from – to) 

2001 - 2011 

4. TITLE 
Sleep Characteristics, Mental Health, and Diabetes Risk.   A prospective study of U.S. 
military service members in the Millennium Cohort Study 

5a. Contract Number:  
5b. Grant Number:  
5c. Program Element Number:  
5d. Project Number:  
5e. Task Number:  
5f.  Work Unit Number:  60002 

6. AUTHORS 
Edward J. Boyko, Amber D. Seelig, Isabel G. Jacobson, Tomoko I. Hooper, Besa Smith, 
Tyler C. Smith & Nancy F. Crum-Cianflone for the Millennium Cohort Study Team 
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Commanding Officer 
Naval Health Research Center 
140 Sylvester Rd 
San Diego, CA 92106-3521 

 

8. PERFORMING ORGANIZATION REPORT 
NUMBER 

 
  12-59 

 
8. SPONSORING/MONITORING AGENCY NAMES(S) AND ADDRESS(ES) 

Commanding Officer                          Chief, Bureau of Medicine and Surgery 
Naval Medical Research Center        7700 Arlington Blvd 
503 Robert Grant Ave                        Falls Church, VA 22042 

   Silver Spring, MD 20910-7500 
 

10. SPONSOR/MONITOR’S ACRONYM(S) 
NMRC/BUMED 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(s) 
 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution is unlimited. 

13. SUPPLEMENTARY NOTES 
Diabetes Care (2013), 36, 3154–3161 

14. ABSTRACT 
    Objective.  Research has suggested that a higher risk of type 2 diabetes associated with sleep characteristics exists. However, 
studies have not thoroughly assessed the potential confounding effects of mental health conditions associated with alterations in sleep. 
    Research Design and Methods.  We prospectively assessed the association between sleep characteristics and self-reported incident 
diabetes among Millennium Cohort Study participants prospectively followed over a 6-year time period. Surveys are administered 
approximately every 3 years and collect self-reported data on demographics, height, weight, lifestyle, features of military service, sleep, 
clinician-diagnosed diabetes, and mental health conditions assessed by the PRIME-MD Patient Health Questionnaire and the PTSD 
Checklist–Civilian Version.  Statistical methods for longitudinal data were used for data analysis. 
   Results.  We studied 47,093 participants (mean 34.9 years of age; mean BMI 26.0 kg/m2; 25.6% female). During 6 years of follow-
up, 871 incident diabetes cases occurred (annual incidence 3.6/1,000 person-years). In univariate analyses, incident diabetes was 
significantly more likely among participants with self-reported trouble sleeping, sleep duration ,6 h, and sleep apnea. Participants 
reporting incident diabetes were also significantly older, of nonwhite race, of higher BMI, less likely to have been deployed, and more 
likely to have reported baseline symptoms of panic, anxiety, posttraumatic stress disorder, and depression. After adjusting for 
covariates, trouble sleeping (odds ratio 1.21 [95% CI 1.03–1.42]) and sleep apnea (1.78 [1.39–2.28]) were significantly and 
independently related to incident diabetes. 
    Conclusions.  Trouble sleeping and sleep apnea predict diabetes risk independent of mental health conditions and other diabetes 
risk factors. 
 
15. SUBJECT TERMS  
Diabetes, sleep characteristics, self-reported incident, Millennium Cohort Study participants 
16. SECURITY CLASSIFICATION OF: 17. LIMITATION 

OF ABSTRACT 
UNCL 

18. NUMBER 
OF PAGES 

9 

18a. NAME OF RESPONSIBLE PERSON 
Commanding Officer a. REPORT 

UNCL 
b. ABSTRACT 

UNCL 
c. THIS PAGE 

UNCL 18b. TELEPHONE NUMBER (INCLUDING AREA CODE) 
COMM/DSN:  (619) 553-8429 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. Z39-18 

 


	12-59, SF298, Boyko.pdf
	REPORT DOCUMENTATION PAGE
	2001 - 2011
	140 Sylvester Rd
	San Diego, CA 92106-3521
	Commanding Officer                          Chief, Bureau of Medicine and Surgery
	Naval Medical Research Center        7700 Arlington Blvd
	10. SPONSOR/MONITOR’S ACRONYM(S)
	11. SPONSOR/MONITOR’S REPORT NUMBER(s)



